The recurrence dispersion equation of coupled single-mode waveguides is modified by eliminating redundant singularities from the dispersion function. A recurrence zerobracketing (RZB) technique is proposed in which the zeros of the dispersion function at one recurrence step bracket those of the next recurrence step. Numerical examples verify the utility of the RZB technique in computing the roots of the dispersion equation of the TE and TM modes of both uniform and non-uniform arrays.
II. RECURRENCE DISPERSION RELATION
Different recurrence approaches have been used to express the dispersion relation of waveguide arrays, e.g. in [4] and [8] . The main advantage of these approaches is that they are simple to implement on computers and require fewer computational steps compared to other more complex approaches. Also, they enable monitoring the evolution of modal spectrum with each recurrence step, which not only gives an insight to the physics of modal formation in the array but also is the basis of the proposed RZB technique. In this paper we follow the approach in [4] which applies for both uniform and non-uniform arrays. According to this approach the dispersion relation of an array of M coupled waveguides (see Fig.1 ) is given by, 
where, i is a recurrence index which is incremented in steps from to
. Even under single-mode condition of the isolated waveguides in the array, the dispersion function, M ε , has singularities in the effective index, . These singularities set up a fundamental zero-bracketing problem [7] . For example, the opposite signs of the dispersion function between two successive values of may bracket a pole, instead of a zero, due to the discontinuity of that function. In this case, the zero search algorithm may end up returning incorrect roots of the dispersion equation. An example of such an algorithm is that of the FZERO built-in function in MATLAB, which is a widely used software package [9] . 
. As will be clear shortly, is chosen to be the minimum core refractive index in the array, while is the substrate refractive index, is the width of the i th waveguide, and is the separation between the i th the (i+1) th waveguides. In terms of these normalized parameters the recurrence parameters, and 
where . Further inspection of 1 ε , and in (1c) and (1d), shows that the only remaining poles are due to the zeros of
, which appear in the denominators of these parameters. It can be shown that neither of ( ( χ , satisfies the recurrence relation,
These recurrence parameters take more simple forms compared to and , in (1c) and (1d). The dispersion functions,
χ , has no singularities in the range, , in the case of single-mode waveguide arrays. Thus, the change of the sign of and only one recurrence parameter, i.e.
+ i
A , is required to compute the dispersion function.
arr ys e
IV
The continuity of M δ in the range,
, eliminates the problem of bracketing allows the zeros of the dispersion function at one br t the ne meters. The substrate refractive index singularities in that range and recurrence step to acket its zeros a xt recurrence step. One of the primary goals of this paper is to use this RZB technique to find the roots of the dispersion equation. The following numerical examples apply this technique to compute the effective indexes of the TE and TM guided modes of both uniform and non-uniform waveguide arrays. The first example uses a non-uniform array of M=4 single-mode waveguides with the following design para 5 . [7] to compute the zeros of both, 
